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Tris report is ine eighth in a series published by the Nhactron 
ice Fergennel Reasarch group. Tha first seven were based on shi ipboard, 
goaervetion of electronics poreasnnel aboard ships of the dnstroyer 
@lage. The eighth, ninth, oad tenth seaports dguarive the reeultea of 
gollatarel researes which wee done concurrently with this shipheard 
ebaorvation. Their mabdect matter will differ from that of the First 
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A acne’ éf the remite of a dabsratery atudy of dia. 
éyigisciion learning, employing stimulus patterna of 
ehers duration, presented by moang of aurel, visual, 
and combined \ sunsd-vieaal. digniers. .— 
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A dsecy hon of a new ‘type of test format ‘Wsetgned 
for measuring some aspects of trouble shocting skill, 
end 6 digcuseion of the conception of trouble shogt< 
ing “on which a. is Gaesd. 
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Ths reseerch reported in this series reflacts the contrite. 
tion of & large number of persone within the Silitasy Eatablish~ 
ment. Grateful eppreciation for this aesietance is axtanded to 
the Cruiser Deatreyer Force, Pacific: the Training Command, Fa~- 
oifses the Training Division and the Parsonuel Analyzis Bivision, 
Surges of Raval Fersennel; the Personnel tnd Training Drench of 
the Pseychological Services Diviaton of the Offices of Naval Re-~ 
search; and the Fleotronics Goordinator's Nection of the Office 
of the Chief of Neral Cperations. 
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Sparetionei aomerience with sonar puggeste that certain character« 


obieats uhiek reflect them. It is ¢ conceivable that this correlation 
ean ba improved to the extant that a particular ocho-return pattern will 
be o dependable referent for a particular kind of reflecting ebject.— 
Bifoarts te improve the correlation through machine design should be 
paralleled by studies of the onerstorie ability te hearn the correlates | 
which bace ama available to him, §0 leng ee there 46 « human element in 
the eystem, achoereturnsa will hwve to bo translated inte sensory data 
which @& haman can perceiva, diseriminete, ettech emaning to, and report 
to the next element in the syutes, At the prersant tite, theas data are 
in the form of complex patterne of short tenporel duration which ere 
diwpleyed far the speratey vithar ib aural or vigual berke. 

An tmporkesi part of thig proiem of incawariag the relish iiity 
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ériaivation Laxraing af #ti®eius pot eqynsy ¢imelar te those which wight. 
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sensary chacnels, with reepect to intermodslity trenafer, facilitation, 
interference of learning. The reyulte should heave impileetions fer 
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The shimalus patterns reforred ia ere vingwn in their viawnk form in 
Figure t Phar wae deseribed fA the section on ingtranentation. The 
avadthetas refer ib theer anecdfic wieual ettmuld and thuir auras 
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5, when earal and vieun) etimiluse patterns: axe nregented suce 
cesnively, yim & Lixed murber of trials there will be a al eae rene 
batween the aati of igarnine which oceura in each modality and 
that which occure im gach modality when the aural and visuel pate 
terns are pragented ‘eoavaens ugly. 
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th view a? thease cenaideratione, £2 wee deciéed to ayrthesien the 
gtinaius paiterng. A device sonslatiag of two geat-driven powant io~ 
eters with ewitches at both ends of their eyclas wey constructed, 
hic device wan commected between the ourpat of an. cudie-naertilater 
and the inputs of an ¢scliloscete sad a tape recarder. ne auolliater 
wae set ef fx} ops, with engugh gain te praduce & claerly audible tone 
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With this arrangement if sea Pouai bh ¢ to predicea & large sere 
of patterns, Go time tneir durations by the grice on the esope Pare, 
oud. ao record the patterns é& thay were produced. Five Bagie stisaius 
pettapns ware seleoted from this samples Toes were cut fram tha tape 
and spliced tozethear to serve aa the prototype of the tape usad in the 
emericent. The five basic psttornn were recorded on the tapa in 
oounterbelencing orders, so that gach of the patiarna eecurred once 
peor triei asd equaliy often ia the fire different powitions in the 
esries., An interval of 15 to @ secendse. varied st random betwaan tha 
individual petierns, sllowed the enbfSect time to rospond and to gat 
ant for the next presentation. 


Tee shapes in Tigure 1 are reproductions of the visual outlines 
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eany Siserimingtion et ths beginning ef the learning process, Pettern 
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4d. Outiins ox the Experimentel pesign. The experiment wae con~ 
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whse patterns under one of the four dleplay cénditions. This meant 
that each subfact waa given 20 Llaarning trinlsa, with five ouccescive 
éiscrviminations te perform per trial, or with a total of 100 successive 
aiscrimimitions to pexform. After performing each discrimination, the 
gubject nished one evitch ona fils comsole. There wers, then, 100 switch» 

3D gioh rep~« 


s 


pressing regponees par pubjecti in @ learning segslon, or oO 
yonges for each ef the five s A 


fone 35 ak ssi BE eete. desandi ax 


tien, seach oF the s4une 
AGtarng, sou sax inine— 
Reig the Laat 
sani eat © ere ir seni Le ap ao Lhd 


fe4e%, OF & total of Pive 


Theda abject whe Learn 18 nies berus under the a 
GQiuvLey GOMCLiLone, Bureal or 


ering Im 


Ware Sens, and the 


ed hhorng, ieee ry yi tb tt 


the REA eyes 


tian patterra under 4 sobined dlaplay condition, 
Anges OF guccessive, were ziven three teats! an aural, a visuai, 
asd . compound similtanaons muraieyisual., In ail cases, the order of. 
administration of the testa followed a counterbalancing dat ona to 
gontrel arder and soqueucE eifecta. 


‘ ihe Kevarienat used Live id-eublect ¢ groupe: one group. on each of 
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. ra este t o 4 + « & fy. % 
aztn, combpinine the tee miccargicen Aieploy xtimsins orderae (THe g4h.. 4 
* 3 A es » i Pod + “ $. ay + 
ferencs between treivnine caension moons of these tua gurceusive ordoere 
i Oe a eer AY, paige ie astahampea Dien pe ae | Oe , zevniiass) ae) 
wan net gigoificant.) The curves are rerepelay of the generat eqan. 


war highest for the auvel disriay eroun, the combined displays groupa 
were intermediate, while the visual tiapleay group hed the Loweet rate 


Toe predictions 7 


the nynothesss were tested in terme of 
differances between paited moans listed in Table @ (The tests of the 


significance of these differences are summarized in Teble 3 in the ap 


“pondt, in ‘veris: of the specitts predictions: mate: th the hypothoses.) 


. the general romltis of ‘the expertnent ure stated pelew. : 


wh Sn: 


The eurel stimilus patterns were the esaiest to learn: reflectsd 
in the Fact that the aurel éfsplay group had the largest mean number 
of iomneet responses in tha training asesion (10.74), while the virwel 
display group had the lowest mean (7.17) for thie sesgton. Thies dif- 


: % : » so Fg? sein a ¥ ers + = ;: * 5? Z gy 
ferents hetweea the affects of the tuo simple Alaclaya gperant in 


the teet sengion a of their respective groume, and continued to 
show up in the meane of the succesgive dimiay groups. 

Gn the whela, the combined displaya, gimaltanacus ond successive, 
were intermediate between the simpis (eure) and vieveal) dierleyve in 
their e¥fecta on discrimination learning of the patterns, insofar as 


ee 


that learning was measured in mach modality serarately. However, the 


BRUNA LAO COU EE ULBpPSuy ULE Lee La bas ZURMBL LOR OF compound 
stimulus patterna which were retained at least as well as the sural, 
gtinulue pattaeriea; indicated by the fect that in the toest session tha 
cospound test mean for the simultensous greup wae numerically higher 
than any of eli the other test aeusion means. Within the simiitancour 


a 


group i+ wee pigmificantly Ajeher than the aursd sna viral 


pattern tagt memne, sugzeating that thea gimiltanooua prepentation dia 
reeili is & potterning effect. 

Crder cf eregentatica oF Mie stimi,i in the successive dielare 
TERLOG te produce A significant difference betwaen the means of the 
paral end views] tests for theses successive grows. However, there wes 
@ consistent trend in the data. All three test meus were higher for 
the vidwolmaural order than for the maxalevi mal. order, 

‘Withia- each SLO ERET YS: display group, there were ne gignifiears 


differences ‘estween ex means. Apperently, the one | second parte aM wUS 


wd the 


wn ee no SU TRE DUE 
ome mene BCCES RIVE 


srarmametcincoan Jet BE 8 
oe mow HEAL. 
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interval wae aufficient te prevent the patterning eifsct prodice ad by 
the simak tenacus display. | 

The relative difficulty of the five etimulus Snineres beth sural 
and ae aria #0 fay ae discriminetion hearning ia concetned, was as prom 
dicted. Tha order of diffieulty, from hnrdest ¢5 gaziert, waa A, 3B, 
D, C, and Ee Yumber of ampiituds pookn proved an eieier cua for dis~ 


erimination than chane of individual peaks, 


Bo Discussion 

Ag an axploratory experiment, the study necessdrily uncovered 
more gueetions thes: it anewered. It artabliched the taportance of 
studying human learning in relation to the wanueat eroblen of target 
classification, and suggested eome avemied of approach to further ren 
search in the field. The variables reprosented in the experiment are 
only a few of many “which ahoulad récoive careful attention. 

Whan vision and hearing are used og human input channels, there 
are sevoral different relationehips their etimuli may have to the rege 
ponse category vhich ie to ba ths human output. In the oragent axperi« 
tank, there wae only one very vedimlificd resposae caverory, awiten. 
pressing. Stimuli in ach nodad 4 ty were Dresentad a6 aquivalenh cues 
{o thie alses of resgpones, Soma of the other relationshi ape which migot 
profitably be explored are: (1) use of the two modalities ag indepen- 
tent chowiels, a that date for ane channel will te attached to dif- 


ferent ‘Teapenses: than dete for the other; (2) ae0 of the two: modalitioa 


AS rupptotentary channels, Sn j ich cone ante. for one ehannel: ey change, 


be @ mecenoarr antecedent for the ooenrrance of 2 particular responses, 

Tha gansory denenatens ef the atimilus patternse used in thie tyve 
ef study should, of course, be explored ever a wide range. Tt ile probe 
able thet a combinatian of L¥o & approaches would be mest preductive; 
a@nsivesis of discrimineble target referents in actual echo-raturnag some 
“bined with synthesia of stimulus patterns representative of those raq 
ferants vhich it is desired to study, without the noise a acconmpant k nant ¢ 
of the echo-returna, 

The evidence Seysiaped, by the present experiment for patterning of 
etimuli, that is, for the formation ef compound patterns From aural and 
Visual components, hag interesting implications for training 2s well us 
operational uae of @ aimaitaneous type ef display. In eituationg where 
the input data is much moxye difficult to lusrn in terme of discrimins. 
tion euong patterns inan waa that of the emesriment, if ia conamivabdle 
that & simultaneous dispiay would wseulf de a mera reliable man.sachine 
kink, 66 & practinally sdveatogecua degres, than e single sural ox vi- 
gual display. The resulte of the experiment eugeest that training indi 

* 


yiduele on compound pattern discrimination should be accompanied by 


training on the somoonents if the giteation in which the individuals 


oe 


ore to reapomd may at different tines contain beth compounds and sepa~ 
rele component a. 


The slort—donfirm rwlatioaship of the successive type of display 


has {nharent, afsatagen | for. spose speretagenl pivuatiaca:| shasecterixed .. 


¥. SUMMARY AND COSCLUSTONS 


fies Sani eer 
A. Summary 
ee Norte 


tha affects of four dieplays on the diserimination learaing of 
gimlsted coner echeoreturne wae explored by meane of one of seteral. 
pogaibie inputemitput pelatlonshipy. Six hypotheses aeciing with te 
interveletions of the dieplay comparinons, and with the discrimina- 
dality of the stimulue petterne were tested by menne of ive 18 gud- 


ject gtoure. 


B. Sonslugions 


1. The aural diaplay raselted in the most learning of pat. 
ROTBS if A Glagla modariscy. 


2, The simultaneous display produced tompound patterns which 
were Loarned dDatter than patterna in @ single modality 
prossated under any other excent the aurel, 4iepley con 
éi tions. 


%, The gimultessour dieplay praducad compaind patterns which 
were learned better then their componente. 


u. The types of combined diepley, simultancaus or successive, 
which might be uged in en operational aituation warkd do 
Bond won eonditiona other than thess in the axperiment: 
elinar leade te ahiut the sanc amount of learning of pate 


terns in @ single modality. 


5. umber of amlitude reals wen en easier cue for diser ine 
Yhéen shajie of the peaks, oo far aa the etigulus 
PRtLsruh uged In the experdment wara concerned. 


MB, 3s ey of ie gk ope Lge ae Ag ‘ * & yf 3 4 «t >, a $4 Fae * 
&, She Sxperinest daatusgtratead the importance oF etady ing; 


ieiten learning variables in relation to target ¢leguifi- 
cétion which relies on electronic inteliigense informa<- 
tion, : ‘ale ; se Fag foe 


Btatiaticai Translation of She Hypothesert f-rasics 


Predictions Results 
Obtained Keane Pow, Nag. teratica 
PN RH: ps NA SIA GBT ELEC EIS ION BF Tt RINGTONE REA BaD 0 AED 


Hypothesis } 


8. - JA2 He will ba significantly lergar than ITT He 


% ii Me * = * i rt "JIT iv 
re AG 73.62) * a 
e itl Bs # nq # # * ¥ Ne 
se mista 
(3.84) (3.27) 
a. i we * # i) " » IF He 
aR ¥ ’ 4a ty 
£3492) “(2,uiy 4 ak 
#, TIT Me n tt s * 4 Me 


oa se a 4 
x % Y i Logins " " " " tt v i 
PP ee f 3.6%} 
4 4 2 iB } a ® az i 
Hynothesis 2 
Hyootnesis 2 
oe IV He " % it w " Lit Ma 
le &7) 3 BY 
% oes fn ¥ 
b, bs eo ‘ ft 8 tt # UIT Me 
Oe Fe a joi: 4 
pire fO} (2.54) 
' iV iy v % f it % 


whl) |. 7 oc, MEBANE" B63 


Fabia % 


? ree c 
Ament rasa) 


ELMO RAEN YIP IG ALLENS NT LE CLT I NL LEELA IGE BL POLES HILY II IIEL CELI GOTO SIAN ABBAS AGIOS IAI EFS BI Ni REO TOAGI tate asians ennai 
prediations ' Reseults 
Coieised Hoang Pes. Hey. t«ratios 
ENP A ROE I IE A RE NRE OSE REE A LR DE OR ITE E BERING AMINA RRL ‘ “ penny nM Nanton Re 


Eypothesis 3 


TV Mew will te slignifieantly darger than ¥ Hva 


* 
; 4 
(8.47 (8.42) 


be IV Hy « TY Ma will be significantly 
(é.22) (2.57) larger then ¥ Mv ~ 


Hypothasie 4 


m. If Hy will be significantly larger thes 7 Me 

i747) (10.74) * 33319 
- 4 de a w oT Ma. , 

; 

V2.05) C30) * 5.25) 
Oe “Sl te * bi bd z Ht t Me 

(2) | €3.27) “2.763 
a. TIL it if it vt % " tt ip 

(2.89) (2.54) 
Os IV iiv r # 4 4 Hi {Vo Me 


Hypothest a 5 


indict 


a. Uiliw'.* ; oe 


PS RT et A EERE TINE SO I a ORE GO TIS OR EED AD ACARD AEE CN GERIN POR IY ETRONICS CLEVES SOMES WEES PE 


S suniihanate Eichten Rttadandeaeatich came chads eke 


Table 3 
fcontimed) 


AR RE REA 


Predictions Regus 
Obteined hoanna Pos, Meg. l-ratioe 


sedan ckcwppetieinerantenemndaniemcatne tmadtamaeiccainetninconadieas ten camden ae tniaae rate nnaseememiemiiatans eked eaeemnmeaiecdiadaaaiatal 


Hypothesis 6 


a, UCC) will be sienifieantly larger than MCD) 

(5.937) (8.65) ” 1.983 
%. ¥(C) " ” rH it " HM A) z 

(9.97) (6.32) * 5 e3b 
¢. M(d) * 8 8 n "  (B) 
a. MCE} HT] tt " “ t H(D) 

(10.97) (8.65) ° 3.326 
@. K(E} " it tt 1 tt } A) 

(10.97) | | (6.32) * 6.670 
f. NCB) = 8 - * ®-  35(B) 

(10.97) (7.68) * 4462 
Note: 1. The degreas of freedom for the t~ratios vary, since some 


2. 


3. 


were within subjects compurigons and others were tetween 

subjects comparisons. “here possivie, t-ratios were dons 
by the critical diffarence method, using the test avail-~ 

avle estimate of the population variance. 


Only those teratios significant at the p «© .O1 level or 
the p = .05 ‘ovel are reported. The t~ratios significant 
at the p = ,01 level ere underlined. 


The mean for III iic in predictions ¢ and d differs from 
that for [lt lic in predictions a, b, gs, and £, Hypothesis 
ods Dacaues itis. based-on-en.m of. 12 tastendof Lhy-. Ib. 
WOR necesspry to eliminete tae comivtd tastes 2a the third 
order poeition im wie counterdalsncing everias Sor predice 
tions ¢ and do ainca there is ne comarable third order 
position ia tne test serins tor disvisy gereups | and iT. 


a | 


